Methods and analysis:
This is an open-label multicentre randomised controlled trial. Patients undergoing elective minimally invasive or hybrid oesophagectomy for cancer are eligible. Further inclusion criteria are intrathoracic anastomosis, written informed consent and age 18 years or older. Inability for oral intake, inability to place a feeding jejunostomy, inability to provide written consent, swallowing disorder, achalasia, Karnofsky Performance Status <80 and malnutrition are exclusion criteria. Patients will be randomised using online randomisation software. The intervention group (direct oral feeding) will receive a liquid oral diet for 2 weeks with gradually expanding daily maximums. The control group (delayed oral feeding) will receive enteral feeding via a jejunostomy during 5 days and then start the same liquid oral diet. The primary outcome measure is functional recovery. Secondary outcome measures are 30-day surgical complications; nutritional status; need for artificial nutrition; need for additional interventions; healthrelated quality of life. We aim to recruit 148 patients. Statistical analysis will be performed according to an intention to treat principle. Results are presented as risk ratios with corresponding 95% CIs. A two-tailed p<0.05 is considered statistically significant.
Ethics and dissemination: Our study protocol has received ethical approval from the Medical research Ethics Committees United (MEC-U). This study is conducted according to the principles of Good Clinical Practice. Verbal and written informed consent is required before randomisation. All data will be collected using an online database with adequate security measures.
INTRODUCTION
Enhanced recovery after surgery (ERAS) programmes are increasingly being applied following oesophagectomy, resulting in a reduced length of stay, perioperative morbidity and hospital charges. 1 Early start of an oral diet is a critical part of ERAS protocols and has been shown to be safe and beneficial in most types of gastrointestinal surgery. [2] [3] [4] [5] [6] However, the feasibility and safety of oral intake directly following oesophagectomy remain unclear. 7 Mostly, a nil-by-mouth regimen is applied during the first postoperative week and a nasojejunal tube or jejunostomy tube is placed to bypass the anastomosis. 8 9 This is believed to reduce the incidence and severity of postoperative pneumonia and anastomotic leakage, although no causal relationship has been established. On the other hand, a nasojejunal tube or jejunostomy may cause patient discomfort and is associated with complications that may hamper recovery. 7 10 The best time to start oral intake following oesophagectomy is unknown. A delay in initiation of oral diet of 4 weeks following oesophagectomy was shown to be beneficial in two retrospective cohort studies. 11 12 Both studies found a significant reduction in anastomotic leakage with an extended delay of oral nutrition following oesophagectomy compared with a conventional 5-7 days nil-bymouth regimen. However, these studies were at risk for bias and extrapolation of these results to the clinical situation may not be valid. 11 12 On the other hand, early initiation of oral nutrition has been shown to be feasible in many types of upper gastrointestinal surgery. 4 13 Furthermore, a feasibility study suggested that direct oral intake following oesophagectomy is feasible and does not result in an increase in major complications.
14 Pulmonary complications were not significantly different in patients who were orally fed directly after surgery, when compared with a historical cohort in which oral intake was delayed. Interestingly, direct oral intake even resulted in less postoperative pulmonary complications. It remains unclear what the best strategy is for postoperative diet protocols in the early postoperative phase following oesophagectomy.
The aim of this study is to investigate the effects of early start versus delayed start of oral intake on postoperative recovery following oesophagectomy.
METHODS AND ANALYSIS Design
The design of this study is a multicentre prospective open-label randomised controlled trial performed at the Catharina Hospital Eindhoven and the Hospital Group Twente. Both hospitals are situated in the Netherlands. Additional centres will be approached to increase the inclusion rate. The aim of this superiority trial is to investigate the effects of early start versus delayed start of oral intake on postoperative functional recovery following oesophagectomy. It is expected that patients will be included over a period of 2 years. Based on a previous study, it is expected that 80-90% of eligible patients can be included. Perioperative protocols are standardised.
Study population
Patients undergoing elective minimally invasive or hybrid (laparoscopy and thoracotomy) oesophagectomy for cancer with intrathoracic anastomosis are eligible for inclusion. They have to be aged at least 18 years. Exclusion criteria are inability for oral intake (congenital or traumatic anatomical abnormalities), inability to place a feeding jejunostomy, inability to provide written consent, swallowing disorder, achalasia, Karnofsky Performance Status <80 and malnutrition. Malnutrition is defined as >15% weight loss before start of surgery. The investigator and the responsible surgeon verify eligibility. The patient will receive written and verbal information about this trial during a scheduled appointment. Sufficient time to enquire about details of this trial is offered.
Sample size calculation and statistical analysis
The sample size calculation is based on functional recovery as the primary outcome. Functional recovery is the time to surgical recovery according to the definition described previously. [15] [16] [17] On the basis of historical controls, patients receiving delayed oral feeding were at least considered to be functionally recovered by a mean of 12 days postoperatively. Patients who were fed orally directly after oesophagectomy were at least functionally recovered at day 10 postoperatively (mean). Using a power of 80%, an α of 5% and an SD of 4 days, a total of 128 patients (64 patients in each group) are needed to show this difference. It is expected that the primary outcome will not be normally divided, and therefore an extra 15% inclusion is necessary, requiring a total of 148 patients (74 patients in each group). An independent physician will perform a safety analysis following 50 and 100 patients. A Haybittle-Peto boundary principle is used regarding anastomotic leakage, (aspiration) pneumonia or mortality.
Randomisation
After obtaining written informed consent, patients will be randomly assigned to one of two groups by online randomisation software (TENALEA Clinical Trial Data Management System). This computerised program will generate a randomisation list. A corresponding randomisation website will be used that generates the sequential randomisation number corresponding to the stratified randomisation list on randomisation of a patient. The hospital of inclusion and treatment and type of surgery (hybrid/total minimally invasive) are stratification criteria in the randomisation process. Randomisation will be performed before surgery and after neoadjuvant therapy (∼3 weeks before surgery). The result of the randomisation will be communicated at the outpatient clinic, via a telephone call or at admission (1 day prior to surgery). The flow diagram for participants included in this study is presented in figure 1 .
Perioperative procedure
Experienced surgeons who carry out more than 30 oesophagectomies yearly perform a hybrid or completely minimally invasive two-stage oesophagectomy with intrathoracic anastomosis (Ivor-Lewis). Patients in both groups receive similar preoperative treatment, including regular consultations by a dietician for assessment of supplemental feeding and by a physiotherapist, especially during periods of neoadjuvant treatment. The type of intrathoracic anastomosis (eg, side-to-side, circular, end-to-end) is left to the preference of the surgeon. A low-vacuum ( Jackson Pratt, JP) drain is placed near the anastomosis on the dorsal side of the anastomosis and bilateral chest drains will be placed at the end of the procedure. The nasogastric tube will be removed at the end of the procedure in all patients. A jejunostomy catheter (9.6Fr) is placed during surgery in all patients (both groups) using the Seldinger technique. 18 Jejunostomy catheters in the intervention group are sealed and may only be used when an artificial route for enteral feeding is required or when caloric intake is not reached at postoperative day 5 (POD5). Postoperative nursing protocol with elevation of the bed (head rest) is standard care after an oesophagectomy. Amylase levels will be determined postoperatively in the drain fluid of the JP drain and will be correlated with the incidence of anastomotic leakage.
Nutritional procedure
Patients in the early diet group will receive a liquid oral diet (soup, yoghurt, porridge, liquefied solid foods, etc) supported by nutritional supplements (sip feeds) directly postoperatively until postoperative day 14. This liquid oral diet will be expanded gradually and a solid diet will be started at POD15.
Patients in the control group will receive standard tube feeding after surgery via a feeding jejunostomy. These patients are allowed to drink clear liquids up to 250 cc/day. After 5 days, patients in the control group will start with a liquid oral diet from 2 weeks onwards. On postoperative day 20, a solid diet will be started. Tube feeding will be stopped when at least 50% of the daily needs are met with oral nutrition alone.
A dietician will calculate energy needs for each patient using the Harris-Benedict formula with a surplus of 30% for energy expenditure in the postoperative phase. On postoperative days 2, 5 and 14, caloric intake and protein intake are measured and calculated. When patients in the group of early oral intake have not reached an intake >50% of the calculated energy expenditure at postoperative day 5, tube feeding will be started. Tube feeding can be started via the jejunostomy present in all patients. No standard parenteral feeding is initiated to bridge the start of enteral feeding. In case enteral nutrition is not possible or not wanted (eg, due to a chylothorax), parenteral feeding will be started.
Outcomes
The primary outcome parameter is functional recovery (table 1), defined as postoperative patients who are free of intravenous fluid, have adequate pain control, restoration of mobility to an independent level, sufficient caloric intake and no signs of active infection. [15] [16] [17] Date of functional recovery is the day when all criteria are met.
Secondary outcome parameters include pulmonary complications ( pneumonia, acute respiratory distress syndrome, respiratory insufficiency requiring intubation); anastomotic leakage; nutritional status; need for artificial nutrition (total parenteral nutrition/tube feeding); need for additional surgical, radiological or endoscopic interventions; 30-day surgical complications (classified according to the Clavien-Dindo classification); other complications requiring treatment; need for intensive care unit (ICU) readmission and total length of ICU stay and health-related quality of life. Long-term outcome parameters such as local recurrence, overall and cancer-specific survival will be registered in a database.
Definitions
Patient characteristics and clinical parameters are registered in an electronic database. Surgical complications are registered for 30 days postsurgery. All surgical complications are classified using the Clavien-Dindo classification. 19 Nutritional intake and drain amylase measurements are closely monitored postoperatively until POD14. Nutritional status will be measured using the actual caloric and protein intake versus the needed caloric and protein intake.
Quality of life and symptoms are scored using the 'European Organisation for Research and Treatment of Cancer' questionnaire (QLQ-C30/EORTC-OG25). 20 These questionnaires are reliable and valid instruments to investigate the quality of life in patients with oesophageal cancer. Patients are asked to complete this questionnaire online or on paper during regular follow-up: at baseline (5 weeks after neoadjuvant treatment) and at 6 weeks, 3 months and 6 months postoperatively. Long-term outcome parameters such as local recurrence, overall and cancer-specific survival will be prospectively registered in a database.
Pneumonia is defined according to the Uniform Pneumonia Score. 21 Aspiration pneumonia is scored separately, defined as pneumonia following clinical aspiration of saliva, liquid or solid food or vomit. Acute respiratory distress syndrome is defined according to the Berlin definition. 22 Anastomotic leakage is graded according to Low et al 23 and defined as any sign of leakage of the oesophagogastric anastomosis at endoscopy, reoperation, radiographic investigations, postmortem examination or when gastrointestinal contents were found in drain fluid. Type I is defined as leakage treated with intravenous antibiotics and a nil-by-mouth regime. Type II is defined as leakage treated by endoscopic or radiological reinterventions. Type III is defined as leakage treated with a surgical intervention.
Statistical analysis
All analyses will be done according to the intention-to-treat approach in which all randomised patients are included, regardless of adherence to study protocol. Occurrences of the primary and secondary end points are compared between the treatment groups. Results are presented as risk ratios with corresponding 95% CIs. A two-tailed p<0.05 is considered statistically significant. Continuous parameters (functional recovery, nutritional status, length of ICU stay and quality of life) will be checked for normal distribution and an unpaired Student's t-test will be performed when appropriate, otherwise the Mann-Whitney U test. Categorical parameters ( pulmonary complications, anastomotic leakage, need for artificial nutrition, need for additional surgical, radiological or endoscopic interventions, 30-day surgical complications, other complications requiring treatment, need for ICU readmission) are compared between groups and checked for significant differences with χ 2 or Fisher's exact test if cell count is <5.
Monitoring
This prospective randomised clinical trial will be conducted according to the rules of Good Clinical Practice (GCP). In a previous feasibility trial investigating direct oral intake following oesophagectomy, an independent data safety monitoring board was appointed to monitor patient safety. Early start of oral nutrition was shown to be safe and not associated with more complications. Therefore, a data and safety monitoring board was not installed for this study.
Follow-up of adverse events (AEs) All AEs will be followed until they have abated, or until a stable situation has been reached. Depending on the event, follow-up may require additional tests or medical procedures as indicated and/or referral to the general physician or a medical specialist. Serious AEs (SAEs) need to be reported until end of study.
ETHICS AND DISSEMINATION Research ethics approval
The sponsor/investigator will submit a summary of the progress of the trial to the accredited Medical research Ethics Committees United (MEC-U) once a year. Information will be provided on the date of inclusion of the first participant, numbers of participants included and numbers of participants who have completed the trial, SAEs/serious adverse reactions, other problems and amendments.
Amendments All amendments will be notified to the MEC-U. Nonsubstantial amendments (eg, typing errors or administrative changes) will not be notified to the MEC-U, but will be recorded and filed by the sponsor.
Consent or assent
All patients who meet the inclusion criteria and do not have exclusion criteria will be asked to participate in the study. After full explanation of the study protocol, informed consent will be obtained. Informed consent will be obtained from each participating patient in oral and written form prior to randomisation. Patients will receive sufficient time to consider participating in this trial. Patients are informed that declining inclusion in this trial will not harm their further treatment. A member of the research group, a physician or nurse practitioner, will obtain informed consent. 
Confidentiality
All study-related information will be stored securely at the study sites. All participant information will be stored in locked file cabinets in areas with limited access. Digital files are kept in password-protected applications and folders. Participants' study information will not be released outside of the study without the written permission of the participant.
Access to data
The obtained results will be handled confidentially and will only be accessible and viewed by study personnel, the ethical committee and the Dutch Health Inspection. Data will be coded so that anonymity is preserved and also when data are published. The data will be kept in storage for 15 years.
Ancillary and post-trial care
An insurance policy is made for all patients in the study. They will be insured for injury or death due to participation in this study during the study period and for 4 years after termination of this study.
Dissemination policy
Results of this trial will be published in a peer-reviewed journal. The abstract will be submitted for oral or poster presentations at several surgical conferences. Authorship is granted to authors who make important contributions to the creation of the final publication. Authors can contribute via written or physical help in this clinical trial.
After completion of this trial, our data set will be made available on request. DISCUSSION This trial will investigate two different strategies of postoperative feeding after oesophagectomy, early oral feeding versus delayed oral feeding. Although various approaches are considered to be feasible, the best strategy remains unclear. 7 Early enteral feeding after oesophagectomy compared with parenteral feeding restores bowel function 9 and reduces the rate of life-threatening complications. 8 Common practice is a nil-by-mouth regimen and placement of a jejunostomy catheter during the first postoperative week following oesophagectomy. However, jejunostomy feeding is associated with minor complications including entry site infection, entry site leakage and gastrointestinal tract symptoms with a small risk for reoperation and mortality. 7 This could potentially hamper functional recovery resulting in a longer hospital stay.
An important argument to delay oral intake after an oesophagectomy is to reduce sequelae of anastomotic leakage and reduce the risk of (aspiration) pneumonia. 11 12 These two studies based their conclusions on a retrospective analysis of historic patient data. To the best of our knowledge, no prospective studies compared early oral feeding with delayed oral feeding after oesophagectomy.
On the other hand, early start of oral intake has been shown to be beneficial in ERAS programmes in many types of gastrointestinal surgery, including upper gastrointestinal surgery. However, data including patients who underwent an oesophagectomy are scarce. A previous safety and feasibility trial performed by our group proves that direct oral intake following oesophagectomy is safe and does not result in an increase in major complications such as pneumonia and anastomotic leakage (TJ Weijs, GHK Berkelmans, GAP Nieuwenhuijzen, et al.
Forthcoming 2016).
We hypothesise that early initiation of oral diet following oesophageal surgery can improve functional recovery by a mean of 2 days. Furthermore, possible future benefits include less discomfort of jejunostomy feeding and its potential complications and quality of life may be improved by early start of oral intake.
